Abstract. Viticulture is one of the most intensively managed agricultural ecosystems in Europe. Therefore, the conservation problems of vineyards and the ecological benefits of increasing the amount of fallow land are addressed using butterflies as a model group. We established 43 transects, each 100 m long, in a vineyard region in the vicinity of Trier (Rhineland-Palatinate, Germany) and recorded the butterflies observed along these transects on 20 occasions from late May to early August 2003. Transects crossed vineyards, fallow land and transitional areas of land. 4041 individuals of 34 species showed the typical pattern of relative abundance with few common and many relatively rare species. Fallow land had more individuals and species and a higher Shannon species diversity index than vineyards. Community evenness and average butterfly dispersal ability were highest in the vineyards. Principal Factor Analyses and UPGMA cluster analysis distinguished between fallow land and vineyards. The difference between early meadow and late forest fallow land areas was not strong, but the former tended to have a higher diversity than the latter. Vineyards thus might act as a sink for butterflies. Therefore, a clear separation between vineyards and fallow land is best for nature conservation. As young fallow land tends to have a higher diversity than older fallow land in this study, it is likely that the conservation value of vineyards for butterflies could be increased by active management of fallow land areas.
INTRODUCTION
The natural vegetation in most of Central Europe during the Holocene consisted of various types of deciduous beech forests, interspersed with smaller areas of other forest types (e.g. at very moist localities or on steep rocky slopes) (Pott, 1995) . Prior to human activity, Central Europe, therefore, was almost completely forested with very few climatically and orographically determined non-forested areas (Weidemann, 1986; Pott, 1995; Varga, 2003a ; but see e.g. Gerken & Görner, 2001) . Human activities resulted in the transformation of primary forests into pastures, meadows and arable land (Weidemann, 1986; Varga, 2003a) .
It is well known that the species composition of the European deciduous forests is very different from that of non-forested areas, and the species-richness of the latter is higher than of the former for several species groups, e.g. butterflies (e.g. Erhardt, 1985a; Weidemann, 1986; Ebert & Rennwald, 1991; Varga, 2003a) . The destruction of the forests by humans and the creation of grasslands by grazing or mowing resulted in an increase in populations of species expanding their geographic ranges from the southern European forest-steppes or eastern steppe areas over the last few hundreds of years (Malicki, 1970; Varga, 2003a, b) . This process gave rise to a man-made landscape particularly rich in species due to landscape diversity (WallisDeVries et al., 2002; Varga, 2003b) , and some of these man-made habitats are among the most species rich habitats in temperate regions, such as seminatural calcareous grasslands (van Swaay, 2002; WallisDeVries et al., 2002) , and form an important part of Europe's natural heritage (Schmitt & Rákosy, 2007) .
However, species diversity began to decline over much of Central Europe after the onset of "modern" agriculture following the Second World War (Warren, 1993; van Swaay & Warren, 1999; Thomas et al., 2004) . This was mostly due to (i) the use of chemical fertilizers, which transformed most of the nutrient poor grasslands into nutrient rich highly productive grasslands of low species diversity, (ii) the intensive use of different types of pesticides, which also damage non-target organisms and (iii) realignment of field margins resulting in much larger average field sizes and a strong reduction in structural landscape diversity (van Swaay & Warren, 1999; SteffanDewenter & Tscharntke, 2002; Tscharntke et al., 2002; Benton et al., 2003; Hole et al., 2005; Rundlöf & Smith, 2006; Öckinger & Smith, 2007a) .
Viticulture is one of the most intensively managed agricultural ecosystems: (i) agri-industrial vineyards are among the most heavily treated areas in terms of fertilizers and pesticides and (ii) most of the ecologically valuable structures (e.g. old stonewalls and small unproductive patches) were destroyed by field realignments. However, the retraction of viticulture from many steep slopes that are costly to cultivate resulted in an increase in the amount of fallow land in modern vineyards.
To address the conservation problems and challenges within Central European vineyards, we selected butterflies as model group (cf. Pollard & Yates, 1993; Thomas & Morris, 1994; Schmitt & Rákosy, 2007) and counted Eur. J. Entomol. 105: 249-255, 2008 http://www.eje.cz/scripts/viewabstract.php?abstract=1329 ISSN 1210 -5759 (print), 1802 The influence of changes in viticulture management on the butterfly (Lepidoptera) diversity in a wine growing region of southwestern Germany them along transects across vineyards, which included fallow land. The fallow land consists of areas of abandoned vineyards that have become overgrown with flowering weeds and as a consequence of succession bushes and small trees. The meadow-like areas are occasionally grazed by sheep, which might have slowed down the process of succession. This design allows us to address the following questions: Do vineyards harbour fewer species of butterflies than fallow land, and the vineyard margins an intermediate number? Is it likely that vineyards act as sinks for butterflies coming in from adjacent habitats? Is, therefore, the average dispersal ability of the species in the vineyards higher than that of those species recorded in the fallow land? What conservation measures are necessary to maintain maximum biodiversity in a vineyard-fallow land mosaic landscape?
MATERIAL AND METHODS
This study was performed in the "Aveler Tal", a valley with intensive viticulture (i.e. vineyards were regularly treated with pesticides) at the edge of the city of Trier (Moselle valley, western Rhineland-Palatinate, southwestern Germany). We selected a total of 43 transects, each about 100 m long and located on three adjoining southwest-facing slopes (steepness of all slopes 20 to 30%). One slope was entirely fallow land, the second predominantly vineyards but with fallow land extending as a strip across the upper third of the slope and the third a mosaic of vineyards and fallow land. In many cases, the end of one transect was the beginning of the following one; the lateral distance between two transect tracks was at least 100 m. Transects were located within vineyards, i.e. viticulture with bare ground or little herbaceous vegetation (7), at the margin of vineyards, i.e. vineyard on one side of the track and fallow land on the other (11) or on fallow land (25). The bare ground in vineyards is maintained by mechanical measures or application of herbicides. Five different types of fallow land were distinguished: (i) grassland with high growing vegetation (mostly >50 cm in July), (ii) grassland as in (i), but with some interspersed bushes (height < 2.5 m), (iii) bushes and hedges (height > 2.5 m) with little open grassland, (iv) sunny herb-and hedge-rich early forest stages (height > 5 m), and (v) secondary forest. For reasons of simplicity and statistics (i.e. to archive adequate numbers of samples in each group), (i) and (ii) are pooled as "meadow fallow land" and (iii) to (v) as "forest fallow land". Of the 25 fallow land transects, four were located in meadow fallow land, ten in forest fallow land and eleven had meadow fallow land on one side and forest fallow land on the other side of the track.
The resources for larvae and adult butterflies were very limited in the vineyards as plants were quite scarce, and only a few plant species were present; there were generally few flowers or they were non-existent. The larval food resources on the fallow land were abundant as vegetation covered most of the ground along the fallow land transects. However, the fallow land areas of type (i) and (ii) supported mostly or exclusively herbaceous plants and types (iii) to (v) mostly woody plants. Suitable butterfly flowers (e.g. Asteraceae, Dipsacaceae, Leguminosae, some Rosaceae) were abundant along all the "meadow fallow land" transects; fewer species and individual suitable nectar sources were present along the "forest fallow land" transects, and were more patchily distributed, e.g. large flowering Rubus fruticosus agg. shrubs interspersed with sections of the transect where butterfly flowers were rare.
All transects followed existing tracks; all butterflies occurring in a strip 2.5 wide on each side of the track were counted (cf. Pollard & Yates, 1993; Settele et al., 2005) . If necessary, butterflies were netted for determination and then released. Two people counted the butterflies, i.e. one person on each side of the track. Data were recorded by a third person.
All transects were sampled 20 times (about twice a week) during spring and summer 2003 starting 29.v.2003 and ending 7.viii.2003 . Each complete sample included the results from all the transects, which were sampled on the same day; if it was not possible to complete the sampling on one day it was continued the following day. All data not fulfilling this criterion were discarded. Fieldwork was conducted between 10 am and 5 pm when weather conditions were fine (sunny; no or little wind; > 17°C) so that the results were comparable for all transects (cf. Erhardt, 1985a; Pollard & Yates, 1993; Settele et al., 1999) . Transect counts were started at different times of the day so that each transect was visited at different times of the day.
A matrix containing the total numbers of individuals per species recorded along each transect at all 20 transect counts was constructed. Based on this database, different diversity parameters (SH: Shannon species diversity index based on log10; ES: Community Evenness based on the log10 Shannon Index; : alpha species diversity) were calculated using the BioDiversity Professional Beta software (Lambshead et al., 1997) . The average dispersal ability of each of the species observed along each transect was calculated based on the scale of Bink (1992) ranging from 1 (very sedentary species) to 9 (migratory species). The means and standard deviations were calculated considering each individual as one independent unit. STATIS-TICA was used for the calculation of Kruskal-Wallis ANOVAs for testing differences among groups and U tests for a posteriori tests between pairs of groups, and the construction of UPGMA cluster analysis based on Manhattan distances, and calculation of Principal Factor Analyses (PFA) using the maximum likelihood factor method and the varimax normalised factor rotation.
The nomenclature of Karsholt & Razowski (1996) was applied. As it is not possible to distinguish between Leptidea sinapis and L. reali in the field, this sibling species complex was treated as one morpho-species in the analysis.
RESULTS
A total of 4,041 individuals belonging to 34 butterfly species was recorded ( Fig. 1 ; complete data are available from the corresponding author on request). Nine species are listed in the Red Data Book of the RhinelandPalatinate (Bläsius et al., 1987) and eight in the Red Data Book of Germany (Pretscher, 1998), but none in the European Red Data Book (van Swaay & Warren, 1999) . No species listed in the annexes of the Habitat Directive of the European Union was observed. The individuals were unevenly distributed among species showing the typical pattern of relative abundance (i.e. a few very common species and many relatively rare species; Fig. 1) . Thus, over 75% of all individuals belonged to the six most common species (i.e. Maniola jurtina: 34.7%, Pieris rapae: 10.8%, Coenonympha pamphilus: 9.6%, Melanargia galathea: 9.4%, Aphantopus hyperantus: 7.0%, Pyronia tithonus: 5.8%) and 59% of all species made up just 5% of the total number of individuals.
Species numbers and numbers of individuals were highest on fallow land and lowest in vineyards with intermediate numbers for vineyard margins (both ANOVAs: p < 0.001; Table 1 ). The diversity parameters have large ranges: mean Alpha ( ): 3.94 (± 1.59 sd) ranging from 0.58 to 8.20; mean Shannon Index (SH): 0.785 (± 0.170 sd) ranging from 0.151 to 1.094; mean Evenness (ES): 0.778 (± 0.093 sd) from 0.502 to 0.938. SH and ES differed significantly between vineyards, vineyard margins and fallow land (ANOVAs: p = 0.041 and < 0.001, respectively; Table 1 ). The mean dispersal ability of butterflies recorded on fallow land (mean: 4.31 ± 0.59 ranging from 3.60 to 6.14) was the lowest, in vineyards the highest and vineyard margins had an intermediate level (ANOVA: p = 0.001; Table 1 ). Vineyard margins differed as often significantly from fallow land as from vineyards (3 parameters each). Vineyards and fallow land differed significantly for all parameters (apart from Alpha).
Cluster Analysis (not shown) and Principal Factor Analysis (Fig. 2a) both separated vineyard transects from fallow land transects; the latter placed the vineyard margin transects between the vineyards and the fallow land areas, showing its intermediate position. The first two axes of the PFA explained some 67.6% of the total variance.
Meadow fallow land transects and forest fallow land transects did not differ as strongly in number of individuals and species, diversity indices or species dispersal ability as vineyards and fallow land in general; however, the meadow fallow land areas tended to be more diverse than the forest fallow land areas (Table 2 ). Both fallow land types were segregated by a PFA (Fig. 2b) with the first two axes explaining some 79.6% of the total variance. Mixed fallow land transects (i.e. with meadow (Bink, 1992) for vineyards, vineyard margins and fallow land in a vineyard-fallow land mosaic landscape in the vicinity of Trier (Germany). All means are given with their standard deviation. p values refer to Kruskal-Wallis ANOVAs. A posteriori tests for significant differences between pairs of groups are calculated using U tests; different letters after the respective values indicate significant differences (p < 0.05).
fallow land on one side and forest fallow land on the other side of the track) were similar to meadow fallow land areas. Furthermore, some species were exclusively found on one of the two types of fallow land (e.g. Colias hyale, Aricia agestis and Polyommatus semiargus on meadow fallow land and Neozephyrus quercus, Thecla betulae and Pararge aegeria on forest fallow land).
DISCUSSION
The considerable number of 34 different butterfly species recorded in the study area, composed of vineyards and fallow land, show the typical pattern of relative abundance (Fig. 1, cf . Schmitt et al., 2002) . Comparison with the managed semi-natural calcareous grassland reserves close to the study area, which had a maximum of 35 butterfly species per site in 2001 (Wenzel et al., 2006) , reveals the regional importance of the butterfly diversity of this vineyard-fallow land mosaic landscape. This underlines the general conservation value of this type of agricultural landscape, especially as nine of the 34 species are in the regional Red Data Book (Bläsius et al., 1987) and eight species in the German Red Data Book (Pretscher, 1998) (e.g.
Aricia agestis, Coenonympha arcania, Polyommatus semiargus, Pyronia tithonus).
However, the differences in butterfly community structure between vineyards and fallow land are enormous with fallow land areas harbouring many more species, individuals and overall biodiversity (analysed by SH and ) than vineyards (Table 1) . Three cumulative factors were most probably responsible for this: (i) vegetation was missing or very scarce in these vineyards (i.e. lack of nectar sources and larval food plants), (ii) the frequency of application of pesticides and herbicides might directly and indirectly have reduced butterfly populations in vineyards and at their margins and (iii) the very high human disturbance in these vineyards (e.g. numerous treatments during spring, summer and autumn) might have further lowered the abundance of the remaining butterflies. These findings are supported by other studies that indicate butterfly diversity in general decreases along gradients of increasing human disturbance (Yamamoto, 1977; Ruszczyk & DeAraujo, 1992; Kitahara et al., 2000; Kitahara & Sei, 2001; Schmitt, 2003) . (Bink, 1992) for meadow fallow land, forest fallow land and mixed fallow land transects (i.e. meadow on one and forest on the other side) in a vineyard-fallow land mosaic landscape in the vicinity of Trier (Germany). All means are given with their standard deviation. p values refer to Kruskal-Wallis ANOVAs. A posteriori tests for significant differences between pairs of groups are calculated using U tests; different letters after the respective values indicate significant differences ( p < 0.05). The average mobility of the species (applying the Bink (1992) scale) also differed strongly in our study area (Table 1 ). The highest average mobility was observed in the vineyards, the lowest on the fallow land areas, and vineyard margins had an intermediate position, but were not significantly different from vineyards. The almost complete absence of sedentary species in vineyards (but their presence on the fallow land) indicates that these species may not be able to survive in vineyards. Consequently, it is also likely that the great majority of the more mobile species (e.g. Papilio machaon, Pieris rapae, Vanessa atalanta, V. cardui) find vineyards unfavourable habitats (due to the lack of larval food plants and nectar sources) and migrate into vineyards from adjoining more suitable habitats. One exception might be Aricia agestis, whose larval food plant Erodium sp. (Schulte et al., 2007) was among the few common plant species present in the vineyards. The thermophilic Carcharodus alceae might be the only species that benefits from the existence of the vineyards because it is adapted to hot habitats with little vegetation cover (Ebert & Rennwald, 1991; Schulte et al., 2007) . Although this species was not recorded along the transects, it was exclusively observed in the vineyards. We therefore speculate that the vineyards represent nonhabitats for most butterfly species in our study area and may act as a sink for many dispersing individuals in this mosaic landscape (cf. Öckinger & Smith, 2007b) .
However, it is possible that the generalist species surviving in the vineyards simply have a greater dispersal capacity than the average of the species observed during our study. This possibility is ruled out by the fact that more than 95% of all individuals observed are not habitat specialists. Furthermore, of the four species whose larvae exclusively feed on Urtica, only the actively dispersing Vanessa atalanta, Aglais urticae and Inachis io were observed in the vineyards, but not the more sedentary Araschnia levana.
The vineyard margins are borders between fallow land areas and vineyards and have intermediate diversity parameters (Table 1, Fig. 2a) . A negative effect of viticulture on the adjoining fallow land is evident and especially supported by (i) the intermediate dispersal values of the butterflies recorded in the vineyard margins differ significantly from those on the fallow land, but not in the vineyards and (ii) the mean number of individuals observed was more similar to the vineyards (mean difference: 46 individuals) than the fallow land areas (mean difference: 70 individuals). However, this negative effect cannot penetrate far into the fallow land areas; if so, the vineyard margins were almost similar in all their diversity parameters to the vineyards.
These findings have important conservation implications for the design and development of vineyard-fallow land mosaic landscapes, especially as the retraction of viticulture from steep and thus labour-intensive slopes is an ongoing process. The putative sink effect of the vineyards should be reduced as much as possible and the edge effects (i.e. the contact area with the vineyards and thus the perturbation due to pesticides and human disturbance) should be minimised. If these two assumptions hold true, fallow land areas and vineyards should be disentangled, and wherever possible the fallow land areas should consist of large continuous patches in order to avoid the negative effects of fragmentation (e.g. Thomas et al., 2001; Steffan-Dewenter & Tscharntke, 2002; Tscharntke et al., 2002; Krauss et al., 2003; Henle et al., 2004; Piessens et al., 2005) . There are two different strategies for attaining this goal: (i) selective abandonment of entire slopes with no fallow land on neighbouring slopes or (ii) a continuous strip of fallow land with a band of vineyards below or above.
The comparison of meadow and forest fallow land areas revealed that they differ in species composition (Fig. 2b) , an effect frequently observed in comparative studies of different types of fallow land (Erhardt, 1985b; Beinlich, 1995; Balmer & Erhardt, 2000) . Thus, the conservation of a broad variety of different types of fallow land is necessary to maintain a high biodiversity in such types of landscapes.
As typical meadow fallow land areas turn into forest fallow land due to natural succession over a few decades (Böhmer, 1994; Bender & Böhmer, 2000) , and because the biodiversity of the meadow fallow land tends to be higher than that of forest fallow land (e.g. more species and higher mean and SH in our results), the long-term conservation of meadow fallow land areas is of special importance. We therefore suggest that meadow fallow land should be allowed to develop undisturbed until the appearance of the first bushes when such areas should be used e.g. as extensive sheep pasture (as in the case of some of the fallow land areas in this study) to prevent succession occurring. In no way, therefore, should meadow fallow land areas be artificially afforested as is often encouraged by local governments and practised by stakeholders.
If such vineyard-fallow land mosaic landscapes are developed as outlined above, this will preserve populations of many barren grassland plant and animal species. Consequently, the extinction risk of single populations will be relatively low, thus maintaining the viability of the respective metapopulations (Hanski, 1999) .
